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Preface 
Think how much our everyday lives are affected by metrics. We are constantly making 
decisions based on quantitative data, whether they are about managing financials, 
meeting deadlines, or some other criteria set as a goal. Metrics can help us to quantify 
objectives, determine our position and reveal the need for taking corrective measures. 
But what if we have multiple goals, a team of people trying to achieve a common goal, 
or the goal is abstract? The task of decision making becomes rather complex. This is 
where scientific research may provide answers. This thesis contributes to the 
understanding of energy performance as an organisational goal. In addition to serving 
sustainable development in a broader context, this is essential for firms, irrespective of 
their size, to achieve tangible results from their energy management programmes. 
Finding a research subject for this thesis has been a story in itself. Everything began in 
early 2000, when the late Matti Taimisto, a devoted process development manager from 
UPM-Kymmene Oyj, presented his observations on paper machine heat recovery 
systems to Professor Pekka Ahtila. This meeting later resulted in a Licentiate’s Thesis 
and two publications written by the author and the question of why these significant 
energy efficiency gaps exist. While we seem to have accomplished so much in 
production technology and management, we still have blind spots in managing energy 
end-use. The more I learned about the explanatory reasons behind this, the more I 
became convinced that energy performance measurement was a problem still waiting to 
be solved. It took me a while to discover an approach that, in my opinion, would best 
add to current knowledge and provide leverage for future research on the 
implementation of energy management in business organisations. 
The thesis was written in the Laboratory of Energy Economics and Power Plant 
Engineering in 2008-2010. I wish to thank Professor Pekka Ahtila for the opportunity to 
produce this thesis. He has ensured continuity and helped me to open doors to academia, 
industry and public organisations. I am equally grateful to my instructor, Jussi 
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Manninen from VTT, who gave thrust to this work at a time when it needed creative 
forces. I owe special thanks to Professor Markku Lampinen for his excellent teaching on 
applied thermodynamics. In addition, I am most indebted to my former and present 
colleagues, Jaana Federley, Ilkka Hippinen, Henrik Holmberg, Ilkka Keppo, Jukka 
Paatero, Pekka Ruohonen, Kari Saari, Ari Seppälä, Sari Siitonen, Mari Tuomaala, Ralf 
Wikstén and many others, for creating such a supportive and fun-to-work-with research 
environment. 
I also wish to thank all the numerous people from Finnish industry who have 
contributed to this dissertation by giving their time and thought. Without you, this thesis 
would have missed its relevance. I dedicate special thanks to Hille Hyytiä from Motiva 
Oy for cooperation and Petri Aaltonen, Ph.D., for consultation. Several large companies 
operating in Finland are gratefully acknowledged for funding, as well as Tekes – The 
Finnish Funding Agency for Technology and Innovation, the Graduate School of 
Papermaking Science and Technology, PaPSaT, and the Graduate School of Energy 
Science and Technology accredited by the Academy of Finland and the former 
Department of Mechanical Engineering at Helsinki University of Technology. 
Professor Simon Harvey from Chalmers University of Technology in Sweden and 
Professor Esa Vakkilainen from Lappeenranta University of Technology are greatly 
acknowledged for pre-examining this dissertation. 
Last and but not least, I wish to thank my husband, Kalle, and children, Henri and 
Venla, for making each day vivid. 
 
Espoo, August 2011 
Leena Sivill 
9 
 
Contents 
Preface ............................................................................................................................. 7 
List of publications ....................................................................................................... 10 
Author’s contribution............................................................................................... 11 
1 Introduction............................................................................................................ 13 
1.1 Objective......................................................................................................... 13 
1.2 Motivation ...................................................................................................... 14 
2 Research domain.................................................................................................... 16 
2.1 Performance measurement in business management ..................................... 16 
2.2 Energy-related themes in management .......................................................... 20 
2.2.1 Energy management........................................................................... 20 
2.2.2 Environmental management............................................................... 23 
2.2.3 Sustainable development.................................................................... 24 
2.3 Concluding remarks........................................................................................ 26 
3 Methods................................................................................................................... 27 
4 Main results and their scientific contribution ..................................................... 30 
4.1 Energy performance measurement as a concept ............................................ 30 
4.2 Development priority of energy performance measurement.......................... 32 
4.3 Research and development needs of energy performance measurement ....... 34 
4.3.1 Monitoring application for the heat recovery systems of paper 
machines............................................................................................. 36 
4.4 Limitations...................................................................................................... 36 
5 Concluding remarks .............................................................................................. 38 
References ..................................................................................................................... 40 
10 
 
List of publications 
This thesis consists of an overview and of the following publications, which are referred 
to in the text by their Roman numerals. 
I Sivill, L., Manninen, J., Hippinen, I. and Ahtila, P., 2011, Success factors of 
energy management in energy-intensive industries: Development priority of 
energy performance measurement, International Journal of Energy Research 
(submitted) 
II Sivill, L., Manninen, J. and Ahtila, P., 2009, A combined approach to energy 
efficiency monitoring in the pulp and paper industry, In: Proceedings of the 
22nd International Conference on Efficiency, Cost, Optimization, Simulation 
and Environmental Impact of Energy Systems (ECOS’09), Foz do Iguaçu, 
1513-1521. 
III Sivill, L. and Ahtila, P., 2009, Paper machine production efficiency as a key 
performance indicator of energy efficiency, Chemical Engineering 
Transactions 18, 905-910. 
IV Sivill, L. and Ahtila, P., 2009, Energy efficiency index as an energy efficiency 
indicator for integrated pulp and paper mills – A case study, In: Proceedings 
of International Conference on Applied Energy (ICAE’09), Hong Kong, 582-
593. 
V Sivill, L., Manninen, J. and Ahtila, P., 2010, On-line energy efficiency 
monitoring for heat exchanger networks, Computer-Aided Chemical 
Engineering 28, 1757-1762. 
VI Sivill, L. and Ahtila, P., 2009, Energy efficiency improvement of dryer 
section heat recovery systems in paper machines – A case study, Applied 
Thermal Engineering 29 (17-18), 3663-3668. 
11 
 
VII Sivill, L., Ahtila, P. and Taimisto, M., 2005, Thermodynamic simulation of 
dryer section heat recovery in paper machines, Applied Thermal Engineering 
25(8-9), 1273-1292. 
Author’s contribution 
All the articles are independent research and writing carried out by the author. The co-
author, Jussi Manninen, proposed the use of an interview methodology for paper I and 
provided valuable comments on the manuscripts of papers I-II and V. 
12 
 
13 
 
1 Introduction 
“If you cannot measure it, you cannot improve it.” 
- Lord William Thomson Kelvin, 1824-1907 
The above quotation and versions of it have become well established in science and 
practice. Our society relies on measurement in many ways. It is used for causal and 
comparative analysis, research, control and management from the level of elementary 
particles to systems, organisations, global issues and beyond. Measurement provides us 
with a valuable tool for decision making for the future. 
Measurement continues to evolve as our world is changing. At present we are striving 
to understand how we can use measurement to encourage sustainable development. 
This dissertation focuses on one specific field of sustainable development - improving 
energy end-use management in industry through energy performance measurement. 
This is believed to provide one of the most important next steps in energy-intensive 
industry1 on its way towards an energy-efficient economy (Dyer et al., 2008). 
1.1 Objective 
The objective of this dissertation is to contribute to the understanding of energy 
performance measurement, its ontology and application and the subsequent needs for 
research and development in energy-intensive industries. The main hypothesis is 
postulated as follows: 
Energy end-use management in energy-intensive industries has reached a point where 
deficiencies in measurement and monitoring constitute a major hindrance to the 
improvement of energy performance. This information gap is due to several reasons, 
                                                 
1 Energy-intensive industrial sectors include e.g. the pulp and paper, basic metals, chemical, 
petrochemical, and cement industries (ECORYS, 2009) 
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starting from the conceptual definition of energy performance and its relationship to 
sustainable development and business goals. 
The hypothesis above is approached by answering the following research questions. 
1. How should the concept of energy performance be defined in energy end-use 
management? 
2. How important is the development of energy performance measurement to 
energy end-use management today? 
3. What are the research and development needs of energy performance 
measurement? 
1.2 Motivation 
Pressure towards sustainable development in business organisations comes from many 
directions. The costs of materials and energy will continue to grow as the world 
economy expands and as rapidly industrialising countries make heavy demands on these 
resources (Kleindorfer et al., 2005). International agreements to control negative 
externalities and to mitigate the climate change have resulted in a number of policy 
measures. These include legislative and regulatory policies, research and technology 
development, fiscal measures, information dissemination, awareness raising and other 
assisting or voluntary measures (Lund, 2007). New market based instruments, such as 
white certificates, emissions trading, clean development mechanism and joint 
implementation, have increasingly been taken in use (ADEME, 2009). In addition, 
rising public awareness affects consumer demand, shareholder preferences and 
industrial practice (Kleindorfer et al., 2005). 
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Firms in energy-intensive industries are thereby inclined to form strategies for how to 
respond to this pressure in order to increase their profit and maintain their competitive 
position (Schönsleben et al., 2010). However, a well-formulated strategy only produces 
superior performance when it is successfully implemented (Bonoma, 1984). There is 
evidence that energy use is not managed as effectively as it could be in firms today. For 
example, a persistent gap exists between viable energy conservation investments and 
those carried out in reality (for example, IEA, 2003, 2007; Martin et al., 2000; Sathaye 
and Murtishaw, 2004; Sorrell et al., 2004). 
One of the integral contributors to strategy implementation is performance measurement 
(Noble, 1999). The need for performance measurement has also been recognised in the 
context of energy management in industry (IEA, 2008). However, the extant literature 
on energy management does not provide concise knowledge on what energy 
performance measurement actually means and how companies should apply energy 
performance measurement in practice. Hence, knowledge is needed of the related 
concepts and the situation of energy performance measurement in firms today. This 
enables a direction to be formulated for future research and development in energy 
performance measurement. 
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2 Research domain 
Energy is a significant cost and environmental impact factor for the energy-intensive 
industries. Energy management in this sector is therefore closely interlinked with 
overall business management, environmental management and the theme of sustainable 
development. From this it follows that there are different approaches to energy 
performance and how it can be defined and measured. In this chapter, we introduce 
these approaches and their current research problems.  
2.1 Performance measurement in business management 
Management in manufacturing industries largely follows the functional division laid out 
by Henry Fayol at the beginning of the 20th century (Pindur et al., 1995). Today, these 
management functions can be classified into strategic management, operations or 
production management, marketing management, financial management, human 
resource management and information technology management. Each function carries 
out the basic management tasks of planning, organising, leading and controlling, where 
measurement can be used as a tool in control and decision making. 
Performance measurement and its ontology, design and use, originate in and inherently 
belong to the research field of management accounting. The extant literature uses two 
different terms, performance management systems (PMS) and management control 
systems (MCS), in reference to measurement systems that aim to control and improve 
organisational performance (Ferreira and Otley, 2009). A variety of definitions have 
been given for both types of systems (reviews by Malmi and Brown, 2008 and Ferreira 
and Otley, 2009). A performance measurement system can also be defined as including 
management control, which is the outline chosen for this thesis. 
Performance measurement was originally developed for financial management, i.e. 
financial control and economic performance evaluation, on the basis of the fact that all 
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organisations are subject to financial constraints. Financial accounting serves both 
internal and external reporting purposes. Its extension, cost accounting, is a 
management control tool that is used for monitoring the difference between the 
expected and actual financial performance of an organisation or its sub-divisions, such 
as departments, sites and divisions. Since the early 1990s, there has been increasing 
interest in the use of non-financial metrics and integrated management accounting, 
particularly among the researchers and practitioners of strategic and operations 
management (Neely, 2007; Simons, 1999). This interest stems from the understanding 
that financial measures mainly serve financial management, not management as a 
whole. 
Performance measurement can be characterised as 1) translating vision into action in 
strategic management and 2) continuous improvement in operations management, 
although the outcome, a performance measurement system, may serve both purposes at 
the same time. Strategic management places stress on the ways in which organisations 
match their resources to the needs of the market place, particularly to competitive 
pressures, in order to achieve defined organisational objectives (Schaltegger et al., 
2006). Operations management entails the strategic and internal dimensions of 
operations, focusing on such continuous improvement tasks as maintaining and 
reducing costs, compliance with product or service specifications, the speed and 
reliability of delivery, inventory management and managing supply chains (Hill, 2005). 
Several different approaches have been proposed for developing these integrated 
performance measurement systems, including the balanced scorecard by Kaplan and 
Norton (1992) as the most widespread framework. 
Performance measurement systems are built on several theories. Melnyk et al. (2004) 
find the theoretical grounding for performance measurement in agency theory, 
dependence theory, the need for strategic fit, information processing theory and linkage 
research. The first two theories relate to the understanding of how organisations 
function. Agency theory applies to the study of problems arising when one party, the 
principal, delegates work to another party, the agent (Eisenhardt, 1989a). Metrics 
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replace contracts as a motivating and control mechanism between the principal and the 
agent. Dependency theory states that the degree of interdependence and the nature of 
interactions among functional specialists within an organisation are influenced by the 
nature of the collective task they seek to accomplish (Pfeffer and Salancik, 1978). The 
strategic fit states the need for consistency between operations and business strategy 
(e.g. Skinner, 1969). The research field of information processing theory examines the 
quantification of how well signals encode information and how well systems are able to 
process information (Sinanovi and Johnson, 2007). Since performance measurement 
provides a very wide and multidisciplinary field of research, one of its major challenges 
is the integration of these different approaches. 
Ferreira and Otley (2009) formulated a holistic framework to tackle the subsequent 
variety of concepts, scopes and perspectives in research into performance measurement 
(Figure 1). Each topic in the framework represents a list of relevant research questions, 
including the questions that relate to links between the topics. 
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Vision and Mission
Key Success Factors
Key Performance Measures
Target Setting
Performance Evaluation
Reward Systems
Organisation Structure Strategies and Plans
PMSs
Change
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Coherence
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Use
Information 
Flows, 
Systems and 
Networks
Culture Contextual 
factors
Contextual 
factors Culture
Performance 
Management 
Systems (PMS)
 
Figure 1. The performance management systems framework (Ferreira and Otley, 2009) 
Future research on performance measurement continues towards understanding the 
detailed configuration and relationships of management control systems (Malmi and 
Brown, 2008), the needs of different types of firms and industries (Laitinen, 2002), 
supply chains (Folan and Browne, 2005; Staughton and Johnston, 2005), the use of 
optimisation for decision support (Grossmann, 2005; Varma et al., 2007), performance 
measurement as a development process (Wouters, 2009) and the correct use of different 
research methodologies and strategies in the research into performance measurement 
(Bispe et al., 2007; Vaivio and Sirén, 2010). 
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2.2 Energy-related themes in management 
The boundaries between different management functions have become increasingly 
integrated over time, even though the functional framework prevails. In addition to this, 
external pressure has brought new themes to be defined and delivered in the functional 
framework: energy end-use management, environmental management and, as the 
emerging megatrend, sustainability management. The following sections discuss the 
roles of these themes in management and their topical research problems in terms of 
performance measurement. 
2.2.1 Energy management 
Energy management became topical in industry as a result of the oil crises in the 1970s. 
The term can be defined broadly as the management of energy production and 
procurement, energy services and energy conservation (Turner, 1993). Other definitions 
focus specifically on the management of energy end-use, similarly to the scope of this 
thesis. Capehart et al. (2003) state the goal of energy management as follows: 
“The judicious and effective use of energy to maximize profits (minimize costs) and 
enhance competitive positions”. 
This definition perceives energy as a resource and cost factor. The role of energy 
management is functionally part of operations management, lacking direct linkage with 
strategic management. Energy management is typically approached in firms by 
adopting an energy efficiency programme or a management system (see e.g. 
programmatic guidelines by Caffall, 1995 and Connaghan and Wunderlich, 1999 and a 
review of management systems by Desai et al., 2008). 
The topic of energy management in industry has mainly intrigued policy researchers. 
To define the required policy measures to improve energy efficiency in industry, they 
have identified and classified a number of barriers and drivers (e.g. DeCanio, 1998; de 
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Groot, 2001; Hasanbeigi et al., 2010; Sandberg and Söderström, 2003; Sardianou, 
2008; Thollander and Ottosson, 2008; Weber, 1997; Zilahy, 2004). Two of these 
barriers, namely organisational and behavioural barriers, are related to the practice of 
energy management within firms. These explain the persistent gap between 
technologically and economically viable energy efficiency measures and those carried 
out in reality. Organisational barriers include such factors as unclear division of tasks 
and the lack of financial resources, skilled personnel and time (Sardianou, 2008). 
Behavioural barriers include, e.g., personal attitudes and beliefs (Lindgren Soroye and 
Nilsson, 2010; Stern, 1992). The details of how energy management is practised in 
firms have remained largely unexplored by others than policy researchers (studies of 
management practice e.g. by Block Christoffersen et al., 2006; Kannan and Boie, 2003; 
Thollander and Ottosson, 2010). 
The improvement of energy management practice in firms has been recognised as an 
important but challenging issue by policy researchers. A combination of different 
policy measures has been introduced to influence industry both directly and indirectly, 
including a mix of voluntary and non-voluntary measures. Voluntary measures entail 
public research and education, information dissemination, voluntary agreements and 
subsidies (COM, 2006; Jollands et al., 2010; Worrell and Price, 2001). Non-voluntary 
measures include fiscal measures, regulatory constraints and raising public awareness. 
Many countries have also established voluntary or regulatory standards on energy 
management. A common European standard, CEN 16001, became available in 2009 
and an international standard, ISO 50001, will be launched by early 2011. Increasing 
attention is now being paid in the research to social and behavioural factors which 
influence decision making on energy efficiency investments (see e.g. Cooremans, 2007; 
Palm, 2009; Palm and Thollander, 2009; Stern and Aronson, 1984). 
Guidelines and standards on energy management emphasise the importance of 
monitoring, evaluating and optimising energy performance at the process and system 
levels (IEA, 2008; Desai et al., 2008). The reasons for this relate to the need to verify 
the results of investments, monitor development over time and pay attention to overall 
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goals instead of sub-optimal ones in reducing specific energy consumption. Monitoring 
and targeting (M&T) is a concept that is frequently associated with this context, 
especially in the UK and Ireland (Swords et al., 2007). It is related to the mathematical 
modelling of energy consumption relative to its driving factors (Fawkes, 2007). While 
M&T may work well for deterministic systems, i.e. systems where the outcome can be 
precisely determined from a given input, it may fail to deliver decision support for 
large-scale systems with, e.g., stochastic behaviour, unknown factors, missing variables 
and the need for balancing between different objectives and their constraints. A few 
case studies have addressed the topic of information systems for energy end-use 
management (see e.g. Muller et al., 2007; Swords et al., 2007). These case studies 
contemplate energy end-use management as a stand-alone information system with 
integrated model-based monitoring and investment planning tools. Hence, these 
systems are intended for the use of energy managers and have no linkage with 
management accounting. There have also been very few attempts to connect energy 
indicators with other types of performance metrics, although the existence of many 
cause-and-effect relationships between them is known (Ó Gallahóir and Cahill, 2009). 
In addition to the above stand-alone information systems, practices have been 
established for many industrial sectors on energy efficiency benchmarking, based on 
the use of specific energy consumption at an aggregated level (Boyd et al., 2008; 
CIPEC, 2008; Huenges Wajer, 2007). The drawback of these purely techno-economic 
approaches to measurement is their low behavioural realism (Algehed et al., 2009) and 
the lack of a connection with overall management. 
In conclusion, there is a gap in the body of knowledge as there is no definition and 
framework for energy performance measurement from a holistic management 
perspective. This represents a risk of energy performance not being seen as an 
organisational performance goal. There is also very little information on how the 
concept of energy performance is interpreted by managers and operators in energy-
intensive industries and how energy performance is being measured and monitored in 
firms today. 
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2.2.2 Environmental management 
Environmental management is responsible for planning and implementing the 
environmental activities of a firm. It arrived in business organisations in the late 1980s 
as a result of tightening regulations and increasing public environmental concern. 
Energy management practice was later impelled by the widespread voluntary adoption 
of standards on environmental management, including the international ISO 14001 and 
European EMAS. 
Similarly to energy management, environmental management is typically not integrated 
with other core managerial processes and functions (Wagner, 2007). However, the 
position of performance measurement is much more visible in environmental than 
energy management. This is explained by the importance of environmental accounting 
for external reporting. The fields of interest in the research into environmental 
accounting include the design, use and implications of different environmental 
measurement frameworks and indicators in different phases of product and production 
life-cycles (e.g. Burritt, 2004; Bartolomeo et al., 2000; Henri and Journeault, 2008, 
2010; Jasch, 2000).  
The development of environmental accounting for environmental management in firms 
is rooted in conventional management accounting (Schaltegger et al., 2006). It has 
followed the phases of overall management accounting from: 1) cost determination and 
financial control; 2) the provision of information for management planning and control 
and 3) a  reduction of waste in resources used in business processes, to the phase of 4) 
the generation and creation of value through the effective use of resources (Jasch, 
2006). Today, environmental performance indicators are of particular importance to 
large and public firms and firms that have an active environmental strategy and are 
compliant with environmental management systems. Within these firms, environmental 
performance indicators are used for, e.g., monitoring compliance with environmental 
policies and regulations, motivating continuous improvement activities and providing 
data for internal decision making and external reporting (Henri and Journeault, 2008). In 
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addition, the extant literature provides comprehensive knowledge on the tasks of 
environmental management in different management functions and the role of 
environmental accounting in these (Schaltegger et al., 2003). 
Environmental accounting indicators cannot, however, be considered a replacement for 
energy performance indicators. There is overlap at the aggregated level but significant 
differences are found at the operational one. For example, mass and energy indicators 
are characterised as input-output indicators by ISO 14001 (Jasch, 2000). This means 
that they do not pay attention to explanatory factors, such as the impact of weather 
conditions on energy use. This indicates a functional division between the tasks of 
environmental and energy management. Furthermore, the environmental accounting 
literature is now being used as a platform for management accounting to adopt the 
theme of sustainable development. This signifies a shift of focus to managerial 
integration, not to specific details, such as the role and needs of energy end-use 
management. 
2.2.3 Sustainable development 
The term sustainable development is most often defined according to the UN World 
Commission on Environment and Development report Our Common Future, also 
known as the Brundtland Report, from 1987, as follows: 
“In essence, sustainable development is a process of change in which the exploitation 
of resources, the direction of investments, the orientation of technological 
development; and institutional change are all in harmony and enhance both current 
and future potential to meet human needs and aspirations.” 
This quest to integrate the dimensions of economic, environmental and social goals, also 
referred to as the triple bottom line, in business organisations continues to be 
controversial. Researchers and practitioners with different backgrounds in management, 
economics, social sciences and the environmental sciences are trying to integrate their 
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views of the term ‘sustainability management’. Consequently, there is literature on 
sustainability management from many different perspectives, with variable scopes and 
levels of conceptual integration. 
Today, sustainable development is motivated in firms by financial goals and compliance 
with regulations and norms rather than purely environmental and societal concerns 
(Dummett, 2006; Porter and Kramer, 2006). Several recommendations exist on what 
indicators companies should use as their sustainability indicators (e.g. IChemE, 2002) 
and how companies should report on sustainability to their stakeholders (e.g. GRI, 
2006). However, companies prefer using language that responds more to external 
pressures than towards discharging accountability in corporate sustainability reporting 
(Laine, 2005). This also shows in the way in which firms report on energy consumption 
and energy efficiency (see reviews by Mikkilä and Toppinen, 2008 and Perrini, 2005). 
Sustainability indicators that have been created for the use of stakeholders may 
therefore not contribute substantially to the implementation of sustainable development 
in firms (Palme and Tillman, 2008) and their use for decision making remains a 
challenge.  
Burritt and Schaltegger (2010) have identified two main paths for the research into 
sustainability accounting. The first path sees sustainability accounting as a source of 
problems that lead to unsustainable development. The other path believes in the 
development of sustainability accounting as a provider of solutions to these problems.  
Burritt and Schaltegger (2010) continue by arguing that these critical views mainly 
highlight the deficiencies of conventional accounting systems. There is a call for the 
further development of scorecard-based sustainability accounting that is founded in 
internal management (Burritt and Schaltegger, 2010; Figge et al., 2002). 
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2.3 Concluding remarks 
In conclusion, the concept of energy performance measurement is not institutionalised 
and continues to evolve as the functional management approaches to performance 
measurement and the themes of energy performance, environmental responsibility and 
sustainable development interact with each other. Two challenges lie ahead for the 
development of energy performance measurement. Energy management should be seen 
as being both operationally and strategically relevant and this position should be made 
visible by setting energy performance as an organisational goal in management 
accounting too. The second challenge is to pay attention to the actual needs of managers 
and operators in their quest to manage energy performance, including the definition of 
the role of energy management in different management functions. 
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3 Methods 
This thesis consists of seven appended articles presented in Table 1. 
Table 1. Summary of the appended articles 
Article and theme Researchquestions Methods Scope
Article I Case study Several industries
1, 2 & 3 Interview study              Several organisational
levels
Several system levels
Article II Pulp and paper industry
A combined approach to energy efficiency monitoring Literature survey All system levels
1 & 3 Case demonstration All organisational levels
Pinch technique Case system level: 
process, a heat exchanger 
network
Article III
Paper machine production efficiency as a key 
performance indicator of energy efficiency 3 Case demonstration
System level: process,       
a paper machine
Article IV
Energy efficiency index as an energy efficiency 
indicator for integrated pulp and paper mills - A 
case study
3 Case demonstration Statistical modelling
System level: 
departments of a site
Article V
On-line energy efficiency monitoring for heat 
exchanger networks
3 Case demonstration Statistical modelling
System level: process,       
a heat exchanger network
Thermodynamic modelling
Article VI
Energy efficiency improvement of dryer section 
heat recovery systems in paper machines - A case 
study
3 Case demonstration 
Thermodynamic modelling
System level: process,       
a heat exchanger network
Article VII
Thermodynamic modelling of dryer section heat 
recovery systems in paper machines 3
Case demonstration 
Thermodynamic modelling
System level: process,       
a heat exchanger network
in the pulp and paper industry
Success factors of energy management in energy-
intensive industries: Development priority of 
energy performance measurement
 
The first two articles answer the first two research questions, defined below. 
1. How should the concept of energy performance be defined in energy end-use 
management? 
28 
 
2. How important is the development of energy performance measurement to 
energy end-use management today? 
Answers were sought on the basis of the literature and an interview study. A case study 
was used as a research strategy because the two questions are qualitative by nature and 
the subject of the research, energy performance measurement in practice, is a 
contemporary event over which the investigator has no control (Yin, 2009). 
Article II first reviews the concept of energy efficiency monitoring in the pulp and paper 
industry. This assisted the formulation of the interview questions for Article I. The 
interview study included six companies in three energy-intensive industrial sectors in 
Finland, namely the pulp and paper, basic metals and petrochemicals industries. People 
at all organisational levels were interviewed in person. The interview questions and 
questionnaires were drafted on the basis of the grounded theory approach originally 
developed by Glaser and Strauss in the 1960s (Glaser and Strauss, 2009). In this 
approach, relevant themes and hypotheses are expected to emerge from the data through 
an iterative process of comparative analysis. Eisenhardt (1989b) describes the process of 
theory building more closely. 
All the articles address the third question. 
3. What are the research and development needs of energy performance 
measurement? 
This question is approached from three perspectives: 
a) practical challenges related to energy performance measurement; 
b) methodological challenges related to energy performance measurement, and 
c) demonstration of the potential for improvement in a specific system. 
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Article I focuses on the practical and methodological challenges by concentrating on the 
research and development needs that managers and operators associate with energy 
performance measurement in energy-intensive industries. Articles II-IV address the 
practical and methodological problems in one specific industry, the pulp and paper 
industry. Article II reviews the literature on the energy efficiency indicators that are 
used in this industry, Article III demonstrates the relationship between production 
efficiency and energy efficiency in paper production and Article IV explores the 
applicability of energy efficiency index as an energy performance indicator on the basis 
of data from an actual mill. 
Articles II and V-VII demonstrate the significance of opportunities for energy 
conservation in one existing process system, the heat recovery of a paper machine. 
Article VII first provides a thermodynamic model for heat recovery that is able to cope 
with heat transfer under moist air condensation. Article VI uses this model to 
demonstrate the economic magnitude of the different types of improvement 
opportunities in three existing paper machines. Article V then validates this 
thermodynamic model with online data from another mill, applies the thermodynamic 
model for monitoring purposes and also tests the applicability of statistical methods for 
monitoring. Finally, Article II demonstrates the online use of the two models that were 
developed for fault detection and indicating a potential for operational and structural 
improvement. 
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4 Main results and their scientific contribution 
This chapter summarises the main findings of the appended articles in the order of the 
three research questions. The chapter also includes a discussion of the limitations of this 
thesis. 
4.1 Energy performance measurement as a concept 
The concept of energy performance was developed in this thesis in three phases. Article 
II first explored the main themes, dimensions and contexts that have appeared between 
energy management and measurement in the literature. The most important contribution 
concerns the definition of a domain for energy performance measurement. First, three 
dimensions are indentified, namely the organisation level, system level and time in 
which indicators can be developed. Second, the relevant management domain entails 
both operational and strategic management. Third, energy performance measurement is 
relevant for the control and management of people and technology within the business 
organisation, as well as in communication with its shareholders and stakeholders. 
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Figure 1. Dimensions of energy performance measurement 
 
Article I elaborates the previous findings by connecting them with the theory of 
business performance measurement and existing standards on energy management. As a 
result, the early-stage term ‘key performance indicator of energy efficiency’ was 
replaced by ‘indicator of energy performance’. Energy performance was finally defined 
as follows: 
Energy end-use performance in business management is related to activities which 
influence: 1) the efficiency of energy production and consumption; 2) the sources of 
energy used for manufacturing products, and 3) the value added in the activities related 
to the previous two. The goal of energy performance is to increase the margin of profit 
or the growth of revenue. 
Discussion on the option of firms to prioritise other than financial goals has been left 
beyond the scope of this thesis. The main contribution of the above definition to the 
extant literature is to separate the concept of ‘energy performance’ from ‘energy 
efficiency’. The latter term is strongly associated with specific energy consumption and 
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its derivatives, whereas energy performance includes compromises between energy 
efficiency and other profitability factors. The three ways to improve energy efficiency 
are to invest in more efficient technology, improve operation and improve process 
integration. Other profitability factors, such as the market prices of electricity and fuels, 
determine the monetary value of these measures. Furthermore, paying attention to 
stakeholders’ environmental and social concerns about energy-related issues may lead 
to indirect profitability benefits. 
Article I also explored the views of people at different organisational levels on the 
meaning of the term ‘energy efficiency’. Since there is no equivalent for ‘performance’ 
in the Finnish language, the concept of ‘efficiency’ is close to that of ‘performance’ in 
English. Objectives associated with energy efficiency varied, depending on the position 
and tasks of the interviewees. Production managers and operating personnel mainly 
focused on how to reduce the specific energy consumption. Company and site energy 
managers associated environmental objectives, especially the reduction of CO2 
emissions, with energy efficiency and highlighted the need for optimisation at the 
systems level. At the director level, economic targets and company image were 
mentioned most frequently. This means that people in different positions need different 
type of information on energy performance to carry out their personal activities related 
to energy management. Hence, there is a need for defining the purposes and role of 
energy management in each management function and seeing energy performance as an 
organisational goal. 
4.2 Development priority of energy performance 
measurement
The questionnaire on energy management in Article I provided a reference to evaluate 
the importance of energy performance measurement for the development of energy 
management. Energy performance measurement was perceived as being the third 
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development priority, behind resource and commitment issues. The main explanatory 
reasons for this are presented in Figure 2. 
Importance of energy 
performance measurement 
as a development issue in 
energy management
The 3rd in 
priority
Non-voluntary 
public policy 
measures
Investment 
criteria
Overall situation of the 
implementation of energy 
management
Performance 
measurement in business 
management
Energy efficiency 
improvements towards 
increasing complexity
Setting of objectives 
required by the Energy 
Efficiency System
- +/-
-
+
+ +
+   Driver
-    Barrier  
Figure 2. Factors explaining the perceived importance of energy performance 
measurement as a development issue in energy management 
 
Article I identified three factors that have a positive influence on energy performance 
measurement as a development issue. First, the interviewees are familiar with the 
concept of performance measurement and shared the belief that performance 
measurement should be applied in energy management. Second, the Finnish Energy 
Efficiency System requires objectives to be set for energy efficiency improvements. 
This raised the question of how to define targets and measure performance against these 
targets. Finally, the interviewees found it a challenge to be able to find further 
opportunities for energy efficiency improvements after a long tradition of energy 
efficiency projects. The interviewees wanted to get access to more detailed energy-
related data and these data to be processed into knowledge. However, the overall 
implementation of energy management does not favour the development of energy 
performance measurement at present, as other development issues were perceived as 
being more critical. The lack of resources and of commitment continue to be the most 
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important barriers to energy management, which also reflects on the willingness to 
invest in energy performance measurement. In addition, the requirement for energy 
performance measurement to lead to a direct and proven financial benefit reduces the 
probability of companies investing in energy performance measurement. Reporting 
energy-related information to external actors is perceived as a risk but also as an 
opportunity, since the companies have limited control over the implications derived 
from the data. 
The result represents a paradox for the development of energy performance monitoring: 
resources and commitment are prerequisites for performance measurement to be 
developed in firms, while performance measurement influences the very same issues by 
enforcing changed behaviour. For this reason, it can be argued that deficiencies in 
energy performance measurement and monitoring pose a significant hindrance to the 
further development of energy management. 
4.3 Research and development needs of energy performance 
measurement
Article I gives further details on the preferences of managers and operators for energy-
related information. It is concluded that energy performance is not sufficiently visible in 
the daily activities of operating personnel. For this reason, the personnel are unable to 
assess the significance of energy-related decision variables in relation to other decision 
variables. Monthly and annual values of SEC, which are commonly used as a metric to 
monitor energy efficiency by managers, are able to express long-term trends at an 
aggregated level with focus on technical efficiency, not all relevant aspects of energy 
performance. Further attention in companies should therefore be paid to the
determination of what energy-related aspects energy performance should cover as an 
organisational goal, the identification of those activities which contribute to higher 
energy performance and the subsequent development of decision support for these 
activities. 
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Article II indicates that only a few of the existing indicators associated with energy 
performance have been subjected to critical analysis. The lack of specifications implies 
that the existing performance indicators may have unknown consequences and can be 
misinterpreted and that important indicators may be lacking and there might be overlap 
between existing metrics. Article III demonstrates how an existing operational 
performance metric, production efficiency, has the ability to describe certain aspects of 
energy performance. Another example, in Article IV, shows that the energy efficiency 
index is not suitable as a performance metric unless a detailed model of how to calculate 
the reference energy consumption is presented for each process. 
Article I lists the many challenges involved in the development of energy performance 
measurement. These entail challenges related to performance measurement in general, 
as well as challenges specific to energy performance. As one example of technical 
challenges, managers expect products and services related to energy performance 
measurement to be integrated into existing control and information systems, 
emphasising the need for embedded solutions. Another difficulty relates to the criteria 
that companies use to justify investments. It was found that indirect benefits are not 
always included in the investment criteria, which is likely to hinder the development of 
energy performance measurement. In any case, it is difficult to estimate the related 
economic improvement potential, since the role of performance measurement cannot be 
detached from other parts of energy management. 
Future research should focus on the development of indicators, the demonstration of 
these indicators in different environments and examining the deployment process of 
performance measurement as a whole. Developing a performance measurement system 
is a coordination effort to understand current metrics in detail, to identify shortcomings 
and to include ongoing initiatives that affect performance measurement (Lohman et al., 
2004). These initiatives include both in-house and external changes in the operating 
environment. 
36 
 
4.3.1 Monitoring application for the heat recovery systems of paper 
machines 
Articles II and V-VII demonstrate a significant energy efficiency improvement 
opportunity that had remained undiscovered in a case mill as a result of a lack of access 
to appropriate data and on-site know-how for heat transfer modelling. Articles II and V-
VII demonstrate how the heat recovery systems of existing paper machines provide a 
significant opportunity for energy savings, including those achievable by the 
improvement of monitoring. With the model developed in Article VII, the savings found 
in Article VI were 110 GWh/a in process heat, corresponding to over one million Euros 
per year and a 7-13% decrease in the specific heat consumption of the three paper 
machines that were examined. According to a follow-up, the case mill achieved 12% 
lower fuel use and 24% lower CO2 emissions as a result of the investments. Article II 
demonstrates opportunities for further heat integration between paper machines and 
mechanical pulp plants using on-line pinch analysis that can be implemented as part of a 
performance monitoring system. In this paper, an on-line pinch analysis program was 
coded to demonstrate the annual duration curves of the heating and cooling demands. 
This information can be used in a performance measurement system to indicate a 
potential for energy efficiency improvements. Finally, Article IV provides online 
models for dryer section heat recovery being used for fault detection and operational 
improvement. These models require significantly less processing time than the original 
thermodynamic models, which could not have been directly applied online. In summary, 
Articles II and IV-VII contribute to the extant literature by demonstrating the energy 
efficiency improvement opportunities of a specific system and providing solutions to its 
energy performance monitoring. 
4.4 Limitations 
The chosen scope of this thesis sets several limitations. The interview study was carried 
out in Finland and is therefore subject to country-specific features, e.g., the implications 
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of the Finnish energy policy and Nordic electricity markets. The results are also 
sensitive to the economic recession at the time of the interviews. Subsequently, it would 
be interesting to continue towards exploring country-specific differences and 
development over time in comparison to the results presented here. In addition, the 
interviews focus on energy-intensive industries which are located at the upper end of 
firms in terms of the priority given to energy management. The views and needs of 
small- and medium-sized firms are likely to follow a different pattern. The third 
limitation of the interview study is related to the choice of the interviewees. This is 
particularly important with respect to exploring the role of energy performance as an 
organisational goal. The interviewees represented mainly the function of operations 
management, leaving out many other management functions which, in the light of 
overall management literature, are important for the success of energy management as a 
whole. 
The literature review of extant indicators is limited to one industry, namely the pulp and 
paper one. The case demonstrations of indicators contemplate methodological and 
technical questions without paying attention to organisational and behavioural aspects. 
In addition, the demonstration of the extant indicators is carried out by only using 
selected indicators and systems as case examples. 
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5 Concluding remarks 
This thesis provides knowledge of energy performance measurement for improving 
energy management in energy-intensive industries. The main scientific contributions 
relate to defining the concept of energy performance, the role of energy performance 
measurement for energy management and the research and development needs of 
energy performance measurement. 
Energy performance is a much broader concept than energy efficiency in the context of 
business organisations. Energy efficiency departs from the conventional notion of 
efficiency as a physical or monetary input-output relationship. Energy performance goes 
beyond this by reflecting organisational goals and these goals being translated into 
activities, objectives and concrete targets and their performance measures. Today, the 
concept of energy performance is not institutionalised and continues to evolve as the 
functional management approaches to performance measurement and the themes of 
energy performance, environmental responsibility and sustainable development interact 
with each other. Future discussions on energy management should focus on improving 
energy performance, not energy efficiency, because this broader view is able to capture 
both operational and strategic dimensions. This conceptual transition is in line with the 
recent trends of managerial integration and the adoption of sustainable development into 
management practice. 
This thesis confirms that energy management is not yet fully developed even in the 
energy-intensive industries. Although the concept itself has remained the same since 
1970s, many internal and external factors have determined the course of events at 
implementation level. As increasing economic, environmental and social pressures 
continue to drive the move forward, energy management is on its way from project-
based programmes towards a more systematic practice, taking advantage of operator 
know-how and opportunities in process, systems and management integration. This has 
two implications on energy performance measurement. First, the strategic and 
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operational relevance of energy management should be made visible by determining 
energy performance as an organisational goal (a top-down perspective). Second, 
attention should be paid to the actual needs of managers and operators in their quest to 
manage energy performance (a bottom-up perspective). Today, significant gaps exist in 
both perspectives confirmed by the interviews in this thesis. 
Finally, there are major practical challenges that lie ahead. To proceed from this, it is 
inevitable that energy-intensive industries need to invest in the development of energy 
performance measurement in order for the implementation of energy management to 
improve from its present status. Still, we remain faced with a paradox: resources and 
commitment are prerequisites for performance measurement to be developed in firms, 
while performance measurement influences the very same issues by enforcing changed 
behaviour. Another challenge is the pursuit of short-term benefit, which still easily 
outweighs development in the long term. This emphasises the need for long-term top-
level commitment and regulatory measures. The challenge of all future research is to 
manage the development of a wide variety of tailored solutions for particular sub-
problems while serving the needs of management as a whole. The advances taken in 
information processing, information technology and optimisation provide technical 
means (see e.g. Grossmann, 2005; Grossmann and Guillén-Gosálbez, 2010; Klatt and 
Marquardt, 2009). Finally, research should provide an understanding of the underlying 
deployment processes that are needed in order to overcome the threshold between 
theory and practice. This requires an in-depth understanding of the scientific debate 
taking place, especially under the theme of sustainable development, with respect to all 
the relevant stakeholders of industry. 
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